Optimizing the nitrogen (N) timings and rate can improve nutrient uptake, 17 and nutrient-efficiencies, especially of N in wheat under the changing climate 18 scenario. Climatic stress in the form of high temperature and drought resulted in the 19 decreased crop physiology and, ultimately, grain yield. Taking the example of 20 rainfed wheat, we quantified the impact of N application rates as full and split-dose 21 at three variable sites of rainfed Pothwar, Pakistan by conducting field experiments 22 for two years (2013-14 and 201-15). Treatments include, T1 = Control (No fertilizer 23 applied), full dose of N applied at the time of crop sowing, i.e. T2 = 50 kg N ha -1 , T3 = 24 100 kg N ha -1 and T4 = 150 kg N ha -1 and split application of N at different timings 25 during different stages of the crop called as split application of N, i.e. T5: Application 26 of 50 kg N ha -1 (15 kg N ha -1 (Sowing) : 20 kg N ha -1 (Tillering) :15 kg N ha -1 27 (Anthesis), T6: Application of 100 kg N ha -1 (30 kg N ha -1 (Sowing): 40 kg N ha -1 28 (Tillering) : 30 kg N ha -1 (Anthesis) and T7: Application of 150 kg N ha -1 (45 kg N ha -1 29 (Sowing) : 60 kg N ha -1 (Tillering) : 45 kg N ha -1 (Anthesis). Three study sites include 30 viz. Islamabad (High rainfall with optimum temperature), University Research Farm 31 (URF)-Koont (Medium rainfall with moderate temperature), and Talagang (low 32 rainfall with high temperature). Results showed that the highest stomatal 33 conductance (0.80 mole m -2 sec -1 ), net photosynthetic rate (20.07 μmole m -2 s -1 ), 34 transpiration rate (9.58 mmole m -2 s -1 ), intercellular CO2 concentration (329.25 μmole 35 CO2 mol -1 air), SPAD values (58.86 %) and proline contents (35.42 μg g -1 ) were 36 obtained for split application of N (T6 = Split N100) compared to control and full dose 37 of N treatments. Among sites, these physiological traits remained highest at 38 Islamabad and lowest at Talagang, while among years, maximum values of the 39 Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: measured parameters were obtained in 2013-14. A similar trend was observed for 40 crop total N, N efficiencies, and agronomic traits of the crop. Our results suggest that 41 optimum N application rate and its suitable timings can help to harvest real benefits 42 of N as in our findings, split dose resulted in the maximum performance of the crop 43 from physiological parameters to the agronomic traits of the rainfed wheat crop. 44 45 46 Keywords: climate; rainfed wheat; N fertilization; split and full N application; 47 photosynthetic rate; agronomic traits 48 49 50
2.1. Crop physiological traits 146 A significant difference was found for all physiological characteristics against all 147 treatments. Stomatal conductance (gs) results showed that it remains significantly 148 higher during 2013-14 as compared to 2014-15. Among sites maximum, gs was 149 observed for Islamabad followed by URF-koont while it was minimum at Talagang, 150 i.e., low rainfall and high-temperature location. N treatment's effects on stomatal 151 conductance revealed that it was maximum at T4 while the minimum was observed 152 for control treatment among full application of N at sowing. However, among split 153 N application highest gs were recorded for T6, which was at par with T7 (Table 1) . The 154 interactive effect of YxL was significant on gs while all other interactions were non-155 significant. The results for stomatal resistance (Rs) was inverse to gs. Among years 156 the highest Rs (1.05 m 2 s mole -1 ) was observed during 2014-15, while at sites, it compared to 2014-15. Among sites, the maximum An was recorded for Islamabad 164 while it remained minimum at Talagang. N treatments have shown significant 165 impacts on An and the highest An was observed for split treatment T6, which was at 166 par with T7. However, among the full dose application of N maximum, An was found 167 for T4 while it was minimum for T1. Transpiration rate (E) remained highest during 168 2013-14, while the lowest E was recorded for 2014-15. Among sites, the highest E was 169 recorded for Islamabad, followed by URF-Koont and Talagang. The impact of N 170 treatments on transpiration rate revealed that it remained highest for split 171 application of N i.e.T6, which was at par with T7 as well as with T4. However, the 172 lowest E was observed for the control treatment (T1). A similar trend was observed 173 for Ci (μmole CO2 mol -1 air) and SPAD chlorophyll contents. However, proline 174 contents remained maximum for the second year compared to the first year. Among 175 sites, the highest proline contents were observed at Talagang while it remained 176 lowest at Islamabad. N addition resulted in the positive effects on proline contents, 177 and the highest proline was observed for split treatment T6. 
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Under N treatment T7, 46 % higher TN was registered than T1 at the maturity stage. Results showed that the number of tillers remained non-significant during 279 both years (2013-14 and 2014-15) , while a significant difference was observed at the 280 three different climatic sites under different N treatments (Table 4) biomass under split application of N, i.e., T6. Maximum grain yield (3001.9 kg ha -1 ) 295 was observed during 2013-14, while minimum grain yield (2611.40 kg ha -1 ) was 296 during 2014-15 (Table 4 ). During 2013-14, a 10 % higher grain yield was recorded 297 than 2014-15. Among locations, the highest grain yield (3957.5 kg ha -1 ) was recorded 298 at Islamabad, while the lowest grain yield (1760.6 kg ha -1 ) was detected at Talagang.
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There was a 52 % variation among the study sites for the grain yield. Meanwhile, the and, in our findings, it has been revealed that N addition resulted in the increased N 388 compound, i.e., proline (Table 1) investigated the impacts of different N rates (N0, N80, N160, kg ha −1 ) on wheat yield 407 quality and NUE. The results showed that the management of N resulted in 408 improved plant N uptake, NUE, and grain quality. Nitrogen uptake efficiency is the 409 measure of how much N is taken up by the wheat crop. Raun and Johnson [64] 410 reported that to increase NUE, its uptake must be enhanced. Raun et al. [65] 411 concluded that N fertilization helps to improve NUE in wheat. The results of the 412 current study depicted that NUpE is affected by N treatments during both the years 413 at three study sites. Rahimizadeh et al. [66] concluded decreased N uptake efficiency 414 under increased N rates, which might be due to more N losses.
415
Agronomic traits were significantly changed in our findings for all treatments, and 416 it has been reported that dry matter and grain yield of the plants could be improved photosynthetic rate, and transpiration rate. Optimum N application rate and its 518 timings can help to harvest real benefits of N as in our findings split dose resulted to 519 the optimum physiological traits, i.e., gs, An and E. Improvement in the stomatal 520 conductance through the management of N under stress could be the key 521 determinants of crop yield as it balances the cop CO2 uptake and water loss.
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Similarly, a split application of N resulted in the higher N efficiencies, i.e., NUE, 523 nitrogen uptake efficiency, and nitrogen utilization efficiency at all sites for two 524 years. Thus, the idea of Hawkesford et al. [68] to recover maximum applied N 525 fertilizer is possible through its split application during different stages of the crop.
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Furthermore, a split application of N resulted in the maximum agronomic traits, and 527 a significant combined strong relationship was obtained between grain yield and 528 crop physiological parameters. The results showed that T6 = Split N100 could be used 529 to get optimal returns from N. However, in the future, we will be further using 530 quadratic plateau model approach to build the relationship between N methods and Table 2 . 805 Crop total N (kg N ha -1 ) at tillering, anthesis and maturity stages of wheat crop 806 during two years at three study sites under seven nitrogen treatments with 807 significance of their interactions; * p≤0.05; ** p ≤ 0.01; *** p≤ 0.001; NS = Non-808 significant. 
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